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Abstract

A micellar electrokinetic capillary chromatographic method for determining anionic catecholamine metabolites from patient urine samples
was established. The optimum electrolyte solution (pH 10.6) was made of tetraborate and sodium dodecyl sulphate into water. Furthermore,
studies were focused to optimize solid-phase extraction clean-up steps to concentrate patient urine samples for identification of catecholamines
with UV detection. The water-micelle distribution coefficients (octanol-water partition coefficiemRgddor the analytes were determined
by conductometric titration. High plate numbers (120 000-200 000/40 cm detection window) and small diffusion coefficients5®:00-3
10-%cm2s1) resulted in high resolution and symmetry of the analyte zones. The standard deviations of the migration times and the peak
heights were less than 3 and 7%, respectively. The octanol-water coefficients increased in the order of déGreasded pf the analytes,
why separation between structurally related vanillinic mandelic acids could be obtained. Limits of detection and quantification were around
0.05 and 0.J.g/ml, respectively, except for dopamine. The concentrations of the catecholamine metabolites in the studied patient urines
varied from 0.186 to 76.4.g/ml. The results showed evidences of serious diseases among the patients.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction Some of the compounds, which are involved in inside
the cell taking are self-diffused or they are transferred to

Screening of catecholamine metabolites in patient sam- gliacells by the active transport system. Catecholamines
ples is an important part of diagnosis of pheochromocytoma, are methylated to phase | metabolites by the enzyme,
Parkinson disease and stress. The main analytical problemgatecholo-methyltransferase (COMT). Their phase |l
in determination of the catecholamine metabolites are their metabolism is caused by monoamine oxidase (MAO). Re-
similar structures and small concentrations in biological flu- gard|ess of the route, the final products are the same:
ids. Catecholamines have important role in the release of popamine is metabolized to homovanillic acid (HVA), nora-
fatty acids from adipose tissue and in the excretion of hor- drenaline and adrenaline form vanillic mandelic acid (VMA)
mones. In addition, catecholamines and their metabolites areand 4-hydroxy-3-methoxyglycolaldehyde. The by-products
involved in variety of regulatory systenfis]. are, e.g. 3-methoxytyramine (3-MTA), normetanephrine

Catecholamines are adrenaline, noradrenaline and(NM) and methanephrine (Mj1-3]. All metabolites are
dopamine, which are transmitters in the nerve systems.secreted to urinfl,4]. The normal concentrations of VMA,
They are synthetised in pheripherial symphatic nerves, coreHVA and 5-HIAA in Finnish health population are between
of adrenal gland, and in adrenergic neurons from the amino 1.3 and 7.6 mg/l. The amounts of the other metabolites stay
acidL-tyrosine, which is extracted from intake of foe]. below 0.7 mg/l.

Metabolism of catecholamines influences the symphatic ~ Catecholamines are determined with high-resolution
effect, which mainly stops the metabolism and activates gas chromatography (HRGC), high-performance liquid
the cell intake]2]. The cell intake is a very efficient mech- chromatography (HPLC) and high-performance capillary
anism guided by the primary catecholamine, adrenaline. electrophoresis (HPCE, CE). The HRGC-MS technique

gives reliable results, but the analytes must be derivatized

* Corresponding author. to get the catecholamines volati[g]. HPLC techniques
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mation and reversed-phase separation, but, however, the.2. Other instruments used in the study
separation efficiency is not good for extracted samples.
Lately, capillary electrophoresis technique has shown to The deionized water was made with a Milli-Q Academic
have resolution enough to separate cationic catecholaminednstrument (Millipore, Bedford, MA, USA). pH values of
and methoxy-catecholamin§s]. The advantage of the CE the electrolytes were measured with MeterLab PHM220
method over chromatographic separation methods is theLAB—pH meter (Radiometer, Copenhagen, Denmark) and a
need of small volumes of samples and electrolyte solutions combination electrode (WTW, Weilheim, Germany), which
combined with the speed of the analysis and high resolution was calibrated with commercial aqueous buffers of pH 4.00,
of the sample zones during migration. In addition, mostly 7.00 and 10.00 (Merck, Darmstadt, Germany). A second sys-
no large-scale sample pretreatment is needed. A problemtem was needed for pH measurement, when high pH values
however, is poor sensitivity of the detectors, which in in the elecrolytes were used. Therefore, a Jenway 3030 pH
commercial instruments are UV-ViB-5], laser-induced  meter (Jenway, Essex, UK) was needed. The electrodes were
fluorescence (LIF) or electrospray ionization (ESI) MS de- calibrated with standard solutions of pH 10.00 and 13.00
tectors[6,7]. The performance of electrochemical detector (Merck).
has also been tested in catecholamine analjgekl]. All sample and electrolyte solutions were mixed with
The CE techniques applied for their separation have a Vortex Genie 2 (Prolab, Oriola, Finland) or Sartoroeius
been capillary zone electrophoresis (CZH), micellar BP 301S (Sartorius, Géttingen, Germany) test tube mix-
electrokinetic capillary chromatography (MEC{)1] and ers. Also, Utrawave U1750 water bath (Ultrawave, Cardiff,
capillary isotachophoresis (CITP[12]. Catecholamines UK) was used for preparation and degassing of the elec-
have been measured in electrolyte solutions containing ac-trolytes, samples and standard solutions. The chemicals were
etateg4-6,8], phosphatef8,10], borate[8], citrate[8] and weighted with a Mettler HL52 instrument (Mettler Instru-
organic solutiong8,9]. Especially, anionic catecholamines mente, Zurich, Switzerland).
have been studied in borate—EDTA electrolyte solufii] In sample preparation the instrument for SPE was from
to get better separation efficiency with complex formation. J.T. Baker (Deventer, The Netherlands). Sorbents were from
This study was focused on the development of a capillary IST isolution (IST 101 mixed mode, Internal Sobent Tech-
electrophoresis method for determination of free anionic cat- nology, Mid Glamorgan, UK) and from Waters (Oasis HLB,
echolamine metabolites from urine samples taken from pa- Waters, Taunton, MA, USA). After SPE treatment Thermo
tients having cancer and stress diseases. In addition, studie$£C Micromax centrifuge (IEC, USA) was use to separate
were focused to clean the samples from urine matrix com- the possible precipitation.
ponents and to concentrate the analytes with polymer-based A Radiometer model CDM 3 conductometer connected
solid-phase extraction (SPE). Electrophoretic mobilities, dif- with a Radiometer PP1042 platinum cell (Radiometer) was
fusion coefficients and analyte-micelle partition coefficients performed in determination of critical micelle concentra-
were measured under optimized micellar capillary chro- tion for calculations of octanol-water partition coefficients
matographic medium to find out the solution to separate (logPow).
structure-related metabolites from each other. The research
was part of the studies made in developing CE techniques2.3. Materials
to monitor drugs in clinical samples in on-line mode with
capillary electrophoresif6,11,12] All reagents were of analytical grader-4-Hydroxy-3-
methoxymandelic acid (vanillic mandelic acid, VMA),
pL-3-hydroxy-4-metoxymandelic acid (isovanillic mandelic

2. Experimental acid, VMA), 4-hydroxy-3-methoxyacetic acid (homovanil-
lic acid, HVA), 3,4-dihydroxyphenylalanine (DOPA),
2.1. Capillary electrophoresis instrument 5-hydroxy-3-indoleacetic acid (5-HIAA), trichloromethi-

azide (TCMA,M; 380.7 g/mol, K5 8.6[13]), sodium tetrab-

An HP3D CE instrument (Agilent Technologies, Wal- orate (NaB4O7-10H,0), 3-(cyclohexylamino)-1-propane-
bronn, Germany) equipped with a photodiode array detection sulphonic acid (CAPS) and sodium dodecylsulphate (SDS)
(DAD) system (monitoring wavelength at 200 nm, 214 nm, used in the preparation of electrolyte solutions, timepidium
220nm and 254 nm) was used for the analyses. The fusedoromide (the micelle marker), acetic acid and ammonia
silica capillaries (Composite Metal Services, The Chase, were from Sigma—Aldrich (Steinheim, Germany). Sodium
Worcestershire, UK) were 38.5-68.5 cm (separation lengthshydroxide solution was from J.T. Baker and methanol from
30-60cm)x 50um i.d. x 365um o0.d. The applied volt-  Riedel-de Haén (Seelze, Germany).
ages were-18 or4-20 kV. The samples were introduced into
the inlet end of the capillary by a pressure of 0.5psi (1 psi 2.4. Standard solutions
= 6894.76 Pa) for 3—-10s. The temperature of the capillary
was maintained at-25°C with a liquid coolant system. The The 1000.g/ml stock solutions of the analytes 5-HIAA,
sample tray was kept at28+ 1°C by air flowing. HVA, VMA and V'MA were prepared in water, except the
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solution made of DOPA which was made into 10% (v/v) into 200ul of methanol-sodium hydroxide—electrolyte
acetic acid in water. The working solutions of mixtures were (tetraborate—SDS) mixture (40:40:20, v/v/v). Methanol was
prepared by diluting with water to concentrations needed. used to enhance the solubility of the concentrate. The
TCMA, which was used as the internal standard, was madesamples were centrifuged, after which 300of the final

to 1000p.g/ml solution and used in the samples aj2@ml| solution was mixed with 2l of 100 mg/l stock solution

concentration. of TCMA (internal standard, ISTD), which was used as the
marker to monitor the repeatability of the CE separation.

2.5. Urine samples The blank urine (pooled from urines from health persons)

was used for determination of the limits of quantification for

The patient samples were obtained from the University each analyte. It was purified from catecholamines with SPE
Hospital of Helsinki (Helsinki, Finland). In storage the sam- cleaning. It was the urine marix solution flowing through
ples were kept at-20 and—80°C. Before sample pretreat- the sorbent, when the catecholamines were adsorbed onto
ment the patient urine samples were either centrifuged tothe sorbent.
exclude the solid material or filtered through O PTFE
membranes (Millipore, Molsheim, France). 2.7. Electrolyte solutions

For capillary electrophoresis calibration all the 80 sam-
ples used in this study were first analysed by screening tech- The anionic catecholamine metabolites were first sepa-
nigue after sample pretreatment with CE. In screening the rated with CZE in basic electrolyte solutions made of sodium
catecholamine analyte concentrations were estimated withtetraborate, ammonium acetate and CAPS at pH and con-
two to three concentration standards. When the peak resolu-centration ranges of 8.9-11.5 and 20-70 mM, respectively.
tion was not satisfactory (happens, e.g. in samples with high However, in CZE the resolution was not good enough be-
ionic strength) or the ion zones were distorted, the samplestween HVA and DOPA or YMA and VMA. Therefore, a
were diluted 1:2 (v/v) with the electrolyte solution. MECC system was developed and it was based on the use of

CE quantification was performed with standard mix- the most stabile performance of sodium tetraborate solution.
tures containing the anionic catecholamine metabolites as In MECC tests, to optimize the concentrations of the
a mixture at their linear concentration levels (0.1-100 and chemicals and the pH in the tetraborate solution, different
0.1-200ug/ml for 5-HIAA) by using the peak heights of amounts of the buffering (10—70 mM) and micelle forming
the analytes. The samples were analyzed with four replicate(10-100 mM) chemicals were used, first keeping the experi-

injections of each sample. mental conditions at pH 10.6. When the pH was adjusted, six
solutions containing 25 mM sodium tetraborate and 65 mM
2.6. Sample preparation SDS were prepared with pH to 9.82, 10.07, 10.32, 10.82

and 11.07. The anionic catecholamine metabolites were fi-
SPE was used for cleaning and concentrating analytesnally separated in an electrolyte solution containing 25 mM
in patient samples. In our earlier studies with cationic sodium tetraborate—25mM SDS solution (pH 10.82 adjusted
catecholamines we have used Oasis HLB copolymer with 0.1 M NaOH). However, the patient urine samples were
SPE sorbents, which gave good recoveries for catonic determined by replacing 25 mM with 65 mM SDS to get bet-
catcholamines dopamine, 3-metoxytyraming,-norme- ter resolution between HVA, DOPA and some marix com-
tanephrine andr-metanephringl5,16] Therefore, in this pounds. The electrolytes were filtered with Op48 nylon
study polymer-based Oasis and IST 101 mixed mode (In- membranes and degassed with ultrasonication for 15 min be-
ternational Sorbent Technology) sorbents were used forfore use.
pretreatment of anionic catecholamines (vanillic mandelic
acid, isovanillic mandelic acid, DOPA, 5-HIAA and HVA). 2.8. Capillary conditioning
We have also tested silica-based reversed-phase material
Cis, but according to our calculations the recoveries of the  The new silica capillaries were conditioned by pressure
analytes were not satisfactory for quantification of small flushing with 20 psi by using 0.1 M sodium hydroxide and
concentrations. water for 10 min each. After that conditioning was continued
Secondly, the reason to use polymer sorbent was the fastwith the electrolyte solution for 30 min. Between analyses
cleaning and high capacity of the materials for the anionic the capillary was flushed with the electrolyte solution for
catecholamines. The Oasis SPE materials were conditioned min.
with 1 ml of both methanol and water at that order. Urine
(I ml) was applied onto the conditioned sorbent. Matrix 2.9. Procedures
compounds were washed with methanol-water (5:95, v/v)
solution to waste and the analytes were eluted from the sor- The analytical parameters discussed below were deter-
bent with methanol. mined by CE-UV using five replicate analyses of each
The eluates obtained from SPE were evaporated un-standard solution and the samples, and the results given
der nitrogen at 40-50C. The precipitation was dissolved are mean values obtained. The neutral electroosmotic flow
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Table 1

Physicochemical properties of anionic catecholamine metabolites
5-HIAA HVA DOPA VMA V 'MA

M; (g/mol) 191.20 182.19 197.19 198.17 198.17

pKaz? 451 4.43 2.28 2.25 3.05

pKa? 15.59 12.49 16.89 18.13

pKaz? 9.92 7.85 9.56 9.94 9.72

@ Values calculated with Pallas 1.2 program.

(EOF) marker used was methanol. Migration marker for
micelles was timepidium bromidé/ 400.40 g/mol).

2.10. Calculation of pK values

The K, values for catecholamines in aqueous condi-
tions were predicted using Pallas 1.2 program (CompuDrug

Chemistry, Budapest, Hungary) and they are presented in

Table 1
2.11. Measurements of LODs, LOQs and linearity

The limits of detection (LODs) of the anionic cate-
cholamine metabolites were determined in the optimized
micelle electrolyte solution with signal-to-noise ratio (S/N)
of 3. The limits of quantification (LOQs) for the analytes in
SPE-purified urine were calculated at S/N 3. Correlation of
the analyte concentrations from 0.1 to 309ml using peak
heights were measured in both water and in SPE-purified
urine. The exception was 5-HIAA, for which a range of
0.1-200wg/ml was needed due to the high concentrations
in some real samples.

2.12. Determination octanol-water partition coefficients

The octanol-water partition coefficients (IBgy) for the

anionic catecholamines were determined by conductometric

titrations by using electrolyte solution both with and without
30 mM SDS, which was the highest concentration possible
to be performed in the SDS solvent additions. In addition,
only with the chemical additions differences in the conduc-
tance of the electrolyte could be recognized. The titration
was made with 50 and 1QQ solvent volume additions.
The critical micelle concentration, CMC, was 2.9 mM and
it could be calculated from the conductometric titration re-
sults. The octanol-water partition coefficients for the ana-
lytes were calculated by using the four equations:

kV.
p=_= (1)
Vmc
— _ = 2)
to(1 — t/tme)
M m
= —= — 3
P=NV =V 3)
Vmc = ‘/tO'[ - Vfree (4)
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whereP is the partition coefficientk the partition factor of
the analyte corresponding to retention factor in chromatog-
raphy,Vaq volume of aqueous phasé,. the volume of mi-
celle phaset;, migration time of the analytetg migration
time of electroosmosig;c migration time of marker for
micelles (timepidium bromideM; 400.40 g/mol),M; mo-

lar massNa Avogadron numberp density andn mass.V

iS Vag + Vme: Viot the total volume of the surfactar¥ee

the volume of monomeric surfactant (non micellar), which
can be estimated to be the same as the critical micellar con-
centration (CMC). The total micellar volume was calculated
from the volumes of the groups in the surfactgi].

The electrophoretic mobilities of the anionic cate-
cholamines were calculated by using equationgs
teo+ pep andu = LigtLdet/ Vir. In this caseV is applied
voltage, Lot total length of the capillaryl.get length of the
capillary to detectionuot total mobility of the compound,
teo the electrophoretic mobility angke, is the apparent
electrophoretic mobility of an analyte.

3. Results and discussion

The capillary electrophoresis (CE) separation of the
anionic catecholamine metabolites was optimized with ad-
justing the chemical parameters in the electrolyte solution
and optimizing the instrumental values on the basis of the
electrolyte composition and its pH (ionic strength of the so-
lution). The other criteria were reproducibility of the separa-
tion, the analysis time and good resolution of two isomeric
catecholamine metabolites, VMA and’MA. The final
MECC analysis could be completed within 20 min under
20kV voltage in 25 mM sodium tetraborate—25 mM SDS so-
lution (pH 10.82). The analysis was rapid enough for deter-
mination of patient urine samples with medium-throughput
technique Fig. 1A and B. Repeatability of the migration
times in CE were also good (R.S.D. 3%) and therefore
the urine samples could be analyzed and quantified with
the method optimized. More selective monitoring of HVA,
VMA and V'MA would be obtained at 254 nm, if the con-
centrations were higher. However, the sample could not be
more concentrated without lacking of separation efficiency.

Accuracy of the CE technique was tested with two refer-
ence mixtures containing all the analytes in moderately low
concentrations. The mixtures were analyzed with the meth-
ods optimized for the study. The relationship of peak height
in the electropherogram with the concentration was mea-
sured by using linear calibration made with peak height as
a function of the analyte concentration. The results showed
at the range of 1-1g/ml correlation higher than 0.99 for
the analytes.

The repeatability of the method was optimized with stan-
dard mixture and one urine sample containing the identified
analytes 5-HIAA, TCMA (ISTD, added to the sample),
HVA, VMA and V'MA. Migration times of the analytes
in the real samples using-18kV voltage were 9.10 min
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mAU {PAD1 B, Sig=214.20 Ref=off{MM30100006.D) peak heights were used in determinations of patient urine
6l ‘ | 2, 8 samples.
5 ( | ‘ | t sl
4 | ) \ \ ‘ﬂ ! 3.1. Limits of detection and quantification
2 MW| The LODs of the catecholamines were determined in
1 "Ib aqueous electrolyte at signal to noise ratio (S/N) of 3. As
0 l ca. 6nl injection volume was used in the analyses, the
A | limits of detection from 0.6 to 3.Qg/ml correspond to
5 10 15 20 m 3 to 14fmol of different analytes. The LOQs were mea-
sure using SPE-purified urine as the matrix (free from
mAU{DAD1 B. Sig=214.20 Ref=off(MM\0412AD02.0) catecholamines), which was spiked with the analytes (see
120/ ® Section 2.8. The solutions were pretreated as samples and
100! the concentrations were measured with MECC optimised
80 for urine samples (electrolyte containing 65mM SDS).
a5 | The LOQs for 5-HIAA, DOPA, HVA, VMA and VMA
‘ | ' 2 were 1.26 mg/l (6.8M), 0.672mg/l (1.8.M), 3.16 mg/l
4 n | . (16.2pM), 1.67 mg/l (8.6:M) and 1.71 mg/l (5.M) with
20 - __,_,f*ﬂ|~ Wt Jl'uL.M_ﬂ @;-{LQ:{,,I\A_ signal—tp-noise ratios (S/N) of 7.9, 14.9, 6.32, 5.99, 5.85,
0~ respectively.
5 10 15 20 25

Concentrations of all the analytes were from 1 to 10 mg/I.
Fig. 1. Electropherogram of anionic catecholamine metabolite separation: The results showed that the concentration correlatiB?} (
(A) standard mixture and (B) patient urine sample after SPE cleaning. to peak hights were 0.9481, 0.9843, 0.9760, 0.7489 and

Peaks in (A): (1) SHIAA, 1qug/ml; (2) TCMA (ISTD): (3) DOPA. - 0.9782 for 5-HIAA, DOPA, HVA, VMA and VMA, respec-
20pg/ml; (4) HVA, 10pg/ml; (5) VMA, 10pg/ml; (6) V'MA, 10 wg/ml. ! ! ! !

Peaks in (B): (1) 5-HIAAL6G.g/ml; (2) DOPA 2.7lug/ml: (3) HVA tively.
40.8pg/ml. Electrolyte solution: 25 mM sodium tetraborate—65mM SDS
(pH 10.82), current 98.A, voltage+18kV, injection with 0.5 psi pressure ~ 3.2. Diffusion coefficients and plate numbers
for 3min, detection at 214 nm (UV), capillary 40/48.5 cirydy/L o).
Diffusion coefficients were calculated for 5-HIAA, HVA,
VMA and V'MA in the 25mM tetraborate—65mM SDS
(R.S.D. 2%), 10.32min (R.S.D. 7%), 16.76 min (R.S.D. electrolyte solution, which pH was adjusted to 10.82 with
9%), 22.22min (R.S.D. 6%) and 22.73min (R.S.D. 7%) 0.1 M NaOH. The resultsHig. 2) were obtained with a
for the analytes as their migration order. The standard de-10ug/ml standard mixture. The electrophoretic mobilities
viations of the peak hights were 9, 21, 22, 34 and 46% for were calculated Withuiot = jteo+ptepandi = LiotLdet/ Vi
5-HIAA, TCMA, DOPA, VMA and V'MA in spiked blank as described iSection 2.12Diffusion coefficients were cal-
urine (seeSection 2.§, respectively. However, the MECC  culated fromD = (ueo+ ttep)VLdet/ 2L1otN, Where the plate
method was more repeatable with standards. Migration numberN = 16 (;/w;)2. Diffusion can also be measured
times using+20kV voltage for 5-HIAA, TCMA, HVA, with the Einsein equatio® = o%/z AT, where the diffu-
VMA and V'MA were 6.33min+ 0.01 (R.S.D. 0.08%), sion variancec(%) is the increased due to longitudial diffu-
7.62min+ 0.01 (R.S.D. 0.03%), 86 min+ 0.05 (R.S.D. sion. The calculated results from the electrophoretic separa-
0.57%), 847 min+0.05 (R.S.D. 0.58%) and.82 min+0.35 tions are given irFigs. 3 and 4In the real samples it was
(R.S.D. 1.87%), respectively. noticed that the urine matrix compounds (evaluated from
It was observed that the higher the migration time, the SPE-treated urine samples) were disturbing the separation
lower was the R.S.D. value of the peak area. The reasonof VMA and V'MA, why their diffusion coeffiecients were
for this was the background, which was low in the case measured to be equdfig. 2 shows that the diffusion co-
of high concentrations. However, due to the partly disso- efficients, i.e. diffusion variances correlate highly with the
ciation of DOPA in the electrolyte solution at pH 10.82, analyte retentions in a second-order function, as expected
the standard deviation of its migration increased. The re- according to the Einstein equation.
producibility of peak areas of 5-HIAA, TCMA, HVA, The plate numbers are inversely proportional to diffusion
VMA and V'MA were 0.9944, 0.9959, 0.9847, 0.9998 and (N = puepV/2D), why the figures are in inverse relation
0.9995 for standards and 0.5737, 0.9581, 0.9927, 0.9995to one anotherKig. 3). The plate numbersN) of the an-
and 0.6968 for the analytes in real samples, respectively.alytes were between 120000 and 200000 (capillary with
However, better correlation was achieved when peak heights40 cm detection window). They were high when the elec-
were used: 0.9941, 0.9941, 0.9889, 0.9951 and 0.9821 fortrophoretic mobility is slow. Furthermore, VMA and MA
standards and 0.9481, 0.9843, 0.9760, 0.7489 and 0.978%have same molar masses and very similar structures and
for the analytes in patient samples, respectively. Therefore,they could only be separated due to partitioning into the
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4-00F-0

O V'MA
x A y=11465% +0.814x+0.0001
HVA R?=09226

2 EOE-06-

p 5-HIAA
2 00E-06

Diffuusion coefficient f [em™-25"-1]

4-5065-06

40050
-410E04 -4.00E04 -3.90E-04 -3.80E04 -370E04 -360E04 -350E-04 -3.40E04 -3.30E-04 -3.20E04 -3.10E-04
Mo bility / |[em”-2VA-1s ~-1]

Fig. 2. Diffusion coefficients of the catecholamines versus electrophoretic mobilities. Experimental conditiorfSgaslin

micelle. However, the higiN values did not correlate to  the retention of the analytes in MECC. In general, the rela-

better separation efficiency in the case of VMA and/M. tionship between the values in different micellar electrolyte
In this optimized MECC system the resolution between solutions have been studied by a number groups and in
VMA and V'MA was 2.5. many cases the correlations have been extremely ffadd
However, in MECC electrolyte conditions there are other
3.3. Octanol-water partition coefficients interactions, too, why the values of analyte retention factors

(K) can be used to correlat,. Fig. 4 and Table 2show
Often the logarithms of the octanol-water partition co- the octanol-water partition coefficients of anionic cate-
efficients (logPow) Of analytes have been used to describe cholamine metabolites. From our results it can be concluded

260000

e .
/ oo

- /
2 480000-
g
: y = -5E+13x% - 4E+10x - 6E+06
& 2
z aVA R?=0.9702 .
vV yMA
3000001

-410E-04 -4.00E-04 -390E-04 -3.80E-04 -370E-04 -3.60E-04 -350E-04 -340E-04 -330E-04 -320E-04 -3.10E-04
Electrophoretic mobility/ [em”-2VA-1s7-1]

Fig. 3. Plate numbers of the catecholamines versus electrophoretic mobilities. Experimental conditioRggad. in
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<& VMA

700

R? = 0.8981

o o k\ “00

\) DOPA
\ 5-HIAA 209

-4.10E-04 -4.00E-04 -3.90E-04 -3.80E-04 -3.70E-04 -3.60E-04 -3.50E-04 -3.40E-04 -3.30E-04 -3.20E-04 -3.10E-04
(A) Electrophoretic mobility/ [cmA2VA-1sA-1]

\ y = 2E+11x% + 2E+08x + 26755

VMA
© y = 2E+08)° + 118347x + 21.908

\ R?=0.9701

%

HVA

DOPA

logP

5-HIAA

170

-410E-04 -4.00E-04 -3.90E-04 -3.80E-04 -3.70E-04 -3.60E-04 -3.50E-04 -3.40E-04 -3.30E-04 -3.20E-04 -3.10E-04
®) Electrophoretic mobility/ [cm”-2VA-1s/-1]

Fig. 4. Octanol-water partition coefficients of the catecholamines versus electrophoretic mobilities.

that the logPow and P-values of the analytes correlate 3.4. Anionic catecholamines in samples

highly with the analyte retention in a second-order func-

tion. The reason not to get a linear relationship between the The anionic catecholamines in urine samples were iden-
parametersKq. (1), was the possible complex formation tified with spiking the sample (200 sample vessels) with

of tetraborate with the analytes, which affected the most in 5uM of the catecholamine mixture. It was noticed that the
5-HIAA retention. The figure also shows that anionic cat- concentrations of the anionic catecholamines were on the
echolamines containing two hydroxyl groups are clustered average between 1.3 and 7.§/ml. However, there were
with their values in the same area, but 5-HIAA having only nine (six extremely high) samples high in 5-HIARi§. 5A),

one OH group had clearly differeRby,. In the literature no  two samples high in YA and VMA (Fig. 5B) and four
values of logPqw for the anionic catecholamine metabolites samples high in HVA Eig. 50, but only two samples ex-

were found.

ceeded the average amount of DOFAg( 5D). Especially,
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Fig. 5. Results of the patient urine samples: (A) DOPA; (B) VMA and¥; (C) 5-HIAA; (D) HVA. Experimental conditions as irfrig. 1

5-HIAA is the metabolite of serotonine. The existence of and sorbent capacity. The sample purification needed for LC
it can be used to diagnosis of tumours in intestines. The analysis, in turn, often leads to cleaner chromatograms and
amount of 5-HIAA is between 1.3 and 7.6 mg/l and con- lower limits of quantificatioj10,21-23] However, with CE
centrations of the other anionic catecholamine metabolitesboth the cationic and anionic catecholamines can be mon-
stay below 0.7 mg/l in normal person urine. According to itored and quantified with high reliability due to the high
the results obtained in our study, the concentrations of the resolution and the possibility to use fast, two-partial anal-
catecholamine metabolites in the patient urines varied from ysis: cationic catecholamines and methoxy-catecholamine
0.186 to 76.4.g/ml. Therefore it may be concluded that the metabolites in acid electrolyte and anionic metabolites in
urine samples may show possible evidences of serious dis-micellar basic electrolyte, as described in this study.

eases among the patients.

4. Conclusions
3.5. CE results versus HPLC

The developed tetraborate-SDS MECC technique was
Usually, catecholamines have been analysed with ion yseful for separation and determination of anionic cate-
exchange (IEC) and reversed-phase liquid chromatographycholamine metabolites in urine samples. Baseline separation
(RP-HPLC)[18-20] Several publications have compared \as obtained for 5-HIAA, TCMA (ISTD), DOPA, HVA,
the use of HPLC and CE as separation techniques withyymA and V/MA. The identification of DOPA was diffi-
UV detection in determination of cationic catechlamines in cult, especially, when the analyte was at low concentration.
urine, plasma and other biological matrices. In general, the Dopamine (a3 12.49) was not fully dissociated at 10.82,
results obtained by HPLC and CE correlate well. CE pro- \which was the pH of the electrolyte. The analysis time was
vides two to seven times as fast analysis with high column |ess than 30 min.
efficiency, whereas HPLC method provides, at least two to  Different physical parameters, like electrophoretic mo-
three times better sensitivity due to high-volume injection pijlities, diffusion coefficients and octanol-water distribu-
tion coefficients for the analytes were also measured in the

Table 2 tetraborate—SDS electrolyte solution.

Parameters measured with a standard mixture under conditions used in  The patient urine samples contained different amounts of
urine sample determination (s&ction 3 the metabolites. However, same really high concentrations of
Analyte t; (min) k Pow  10gPow piep (107*cm?V-1s7) them were calculated from the analysis data, which correlate
5HIAA 9.1 18 1352 21 39 to. a disease. The values qbtglned here were on t.he average
TCMA 103 23 1701 2.2 35 slightly above the upper limits of the concentrations of a
DOPA 125 32 2422 24 37 healthy person.

HVA 16.8 55 4106 26 -39

VMA 229 10.0 7540 29 —-4.0

EOF 3.73 4.81 Acknowledgements
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